
 chapter3 Alkenes and Alkynes
Introduction They are unsaturated hydrocarbons alkenes

have C C and general formula CnHan as Cycloalkane Alkynes
have CEC and general formula CnHan2 as Cycloalkenes
Note whenever we add it bond we remove 214
C C CnHantz

B C C CnHan
C CnHan2

Examples 713 É É CH Cult
CHz C E C CH CyHo

Cumulated structure C ISP spa
Conjugated structure C C C C C C c c

It can be Triple bond

Might'hiduded sp

all carbons sp Conjugated

Isolated structure I Edc d c c c c c c
ka

sp carbon
conjugated

_ÉIar b on a Isolated

Nomenclature of alkanes and alkynes
Use the Same IUPAC rules that mentioned for alkanes

except
a Select the longest carbon chain that contains Both EE
2 Number the chain from the end nearer to double or triple
sond



If numbering is equidistant D number the chain from
end nearer to 1st substituent

number the chain from end based If equidistant
on alphabetical order of substituent
C Indicate the position of C C or C C using a lower
number
d The parent name is ended by

ummm ene for alkey mummy ne for alkynes
Examples of alkenes

HzC CH2 CHE CI CI 3

Ethene
CH3 CH CHz
propene

Ethylene l butene
Socommon name

0 HzC CH cH CH3

C 3 14 1,5043 2 butene

From left the double bond located as 2 similar to from right
nearer sub equidistant t

2 Methyl 2 butene

9 59 2 Ethyl 1 butene

I
CHz C C CH

Br El
Alphabetical I

2 Bromo 3 chloro h butene order

CI z ÉÉHz 3 chloropropene
H



For Cycloalkenes

ago
3 methylCyclohexen

Cyclohexane If the Cycloalkene has a substituent
CnHan2 Give number I for carbonof GS

Thesecond carbon should having
Give substituent the leastnumber

zWhy we didn't put 1 beforeCyclohexane because
we always start naming from the alkeneG we should put 1 before Cyclohexane when the sub
is on the first C double bond It
As

Cyclopropane

Br

Br 1 BromoCyclopentene

3 Bromocyclopentene

or
1,3 Cyclohexadjene

1,4 Cyclohexodiene
CH CH3

1,6 DimethylCyclohexane
not
2,3 Di

Ha EH EH cytnesame

2methyl 1,3 butadiene
1,3 butadiene
113 dbutene

HE CH CH CH E Hz

Cal3,5 hexatiene



Examples of Alkynes Fat butyne
H CEC H CH C C CH

a 00
2 butyneCarEthyne

Acetylene 66,6 Trichloro l hexyneCommonname

Notes or
1 If molecule contains C C and C C

a C C C C C C gofromright 2,5from left I y
start numbering alkene
choose the lower

b C C C C C C TmYÉ start numbering alkyne

c C C C C Equidistent
start numbering from alkene

H2ÉÉHÉÉH HEEM É'd d
4 chloro b butene 3 yneÉ

Hz It EH 3 Penten tyne

note when C C and CEC are presented in the same molecule

we always start the name with alkene then alkyne regard the
numbering

2 HECHTis called Vinyl common name
Hac CHA avinyl chloride chloro ethene

Hac CH CHIT is called Allyl H2C G CHaBr Allyl Bromide
3 Bromopropene



T CH CH2 vinyl

Vinyl Cyclohexane

Cis Trans isomerism in Alkenes c

UP Cis andTrans are partP

Cis

IUPAC name and
upORdown down should be written in the

trans beginning

note If alkenehas identical groups atoms on the same carbon

of C C there is ng Cis nor trans

no cis nortrans trans

Hyatt
g g p

identical

trans 1,5 hebtadiene
up 8

Bye C
CHz

H LCH
identical

trans l Bsromopropene Bit
down

up 0 on up
2 6

2 trans G trans 2FG nonadiene

ÉManwrite itwithout 2and a
cis 2 buteneGnot identical because
CH3 CH3 is not on the

since the first to first and second tosecond same carbon

Ex OWhich one can show cis trans isomerism

I hexene I pentene 2 methyl 2 pentene 2 hexene 3 hexene

2 methyl 2 butene



D e
hoofs nor trans identical

d Pentene

no Cis nor Trans

2methyl 2 pentene 3 2

of identical no cis nortrans
D 2 hexene

Transf Available To be cis or Trans
if it 3hexene also

Reactions of Alkenes and Alkynes
First ForAlkenes
T bond is broken in reactants and new o bonds are formed in
the product I This typeofreaction is called Addition reaction

H2g

H H
HydrogenationCatpig G c

Cla BEc

say
E E Halogenation

chain or
Cyclic

Coly

H2O G C
HDcat H o

Hydration
AdditionofH2o

42504
C C
H oso

Hydrogen Sulfate

HX C C
H x

Hydrohalogenation

i'set ice
d c

ChadChad 1,2 dichloroethane



CH
419 HoH I C 3

Hasty Bgc y
H H H 8503H
Cis 2 Putene

Mechanism of reaction o
Electrophile E electron deficient ether It

species such as H EH a fl d
Nucleophile Na c electron rich species t

such as T bond in alkene or benzene
Icontain's E which

is negative y H
H É H X

Now Mechanism of reaction is consisting of 2steps
I Qt HX ca

EY It
step gÉÉÉÉ I E

E nu

carbocation
intermediate

step É É_ fast I I
T T product

mechanism Electrophilic Addition reaction for alkenes andalkynes
Reaction energy diagram
Energy

y
Transitionstate

ftp.y
step2

qq.gg
t Eerie'date

product

reactioncoordinate



Ts Transition state Bonds are broken and formed at same time
before intermediate jiffs isbreaking

endothermic isforming

Ea Activation energy Difference inenergy between reactant and
Transition state or intermediateand Transition state

Reaction is exothermic Altran zero

Ex 1 Write an intermediate for the following reaction

Hey
reactant oso

d t intermediate

Markovnikov's rule It is important ifalkene oralkyne is not
symmetrical

H
c c tix itÉHE

H2O

H cHz H H OHCH3

Markovnikov's rule States that
Electrophile Ht is added to Carbon of C C that has more hydrogens
that are attatched directly to the carbon

t.gg
ain stability of carbocation

HER HEIR EH
k

30 20
Primary

methyl
carbocation secondary the least
themost stable
stable D



EX 1 Arrange the stability of Carbocations

E of
EHet

secondary tertiary primary methyl

Tertiary secondary primary methyl
steps

I ifµ
THX H d É HNow for a reaction C C

H

CH

primary
gstep2 X 41,8 it

or
lessstableII product decondary

more stableNotes
For Cyclic alkene with substituents

H2g
Pd H H not trans

C
is
t
so it can be upup a cis

CH G CH 20 Hs ditz Markovnikov
H

011 7 Chs Cf Fitz Anti Markovnikov

G Last ran is called Hydroboration oxidation of alkenes



Finally for reactions of alkenes I there is an Oxidation
Reaction

Ms number of oxygenatom increased
Oxidation using KMnoy oxidizing agent

c KY 3 Mno

t
glycol I I

3LKMNOU OH OH
oxidizingagents

Ozonolysis using Oz then In Ht

a
CH 03
cHz Zn Ht

H CH3 T CH ICH
CH3 Two products are obtained

b H E H T H E H2 CHz

J and T bonds are broken of GC

IF gangc EH Eats

I H I Cha ChaCHE H
break at o I product is obtained
and T bonds

I H É cha cha cha cha I
Only 1 product is consumed



EX Draw an alkene that upon ozonolysis will produce

FEET and H H Answer C't
it sit

Draw an alkene that upon ozonolysis will produce only

CH3 ECHz

General Examples c

CHz C CHz 1343

H 4202,04 7 CH3 É I 2 Anti Markunikor

ÉH2CH2CH3

Hz C Hz
B HEHEHEB ÉHzcHzcHz

3 H

Draw the transition state for the above reaction
Hbond

forming H BIH
HHC CW H

Rt bond H

Inisreaction is
breaking

g
related to 1 2

H3cH2 Hz B 4202 TH y CHzcHaÉ2

CHCH 1343
4202OH

CHzcHzoH

ythe answer couldbe
HG It catsHÉ EEcha

Methylpropene pg'sHII CHE



3.15 Addition to Conjugate Systems
noAllylic

cation

CH2 4 4 042 pyo ÉHz It g cha th addition

1,3 butadiene T

Two products are obtained 1,2 addition and I addition

Explain 1,4 addition product

H2 Hz gotta
carbocation

step 1 intermediate

it 499,42443 I
two productsbXo Xo

Hz É C CH2 T CHEGE Z
H H
1,2 114

AllylicCation I G É
Remember methyl 10,20and30carbocations
Draw a resonance structure for the following allyliccarbocation

dying 5 a

Note Allylic carbocation is stable due to thedelocalizationof the
Jositive charge



Reactions of Alkynes
a WithX2
R CE GR Imay

X
C C

R

d Br th R x II R É E x
x x

Trans

Hz C C CHIBI S Hz ÉÉ CH
Cl Cl

b With H2 g Cat Pt or Ni

Ittf 414 electrophilic addition

because it
Gas it is excess

But in the presence of Lindlar's catalyst alkene isn't affected
and Just ITI bond is broken in alkyne and cis product is obtained

CH3 C C CH H2 g CK
Lindlar's Cg't
t cat

Kis
H2g H H

Lindlars
Cat idenical

C With HX Markovnikov's rule is applied for RC C H

CHS CEC H ly c c
H

d H

Br
excess CH 4 Hz
HBr

Br



d With H2O H and Hgsou Hgt
I T bond is only broken and Markovnikov's rule is applied

19 so Ketoform
R E C H Fg R É4,4 R C G H more stable

This equilibrium is called tautomerization

H2O Ht
Hgh

It
major product

ofNINH
2

e With strong base Nantz
Terminal alkyne R E C H N'É R E C

Litany G Nucleophile

HI qq.gggiIc no
SP

Which hydrogen is the most acid if
It based on the Hybridization of the attatched Carbon For

Sp Carbon D hydrogen is the most acidic while for sp
hybridized carbon D the acidity is the weakest

SCaracter SP sp sp
50 33 25

As S character of carbon atom increases D the

electronegativity increases
hep end of chapter 3


